Cascades of homoclinic orbits to a saddle-centre for reversible and perturbed Hamiltonian systems by Champneys, AR & Haerterich, Jorg
                          Champneys, A. R., & Haerterich, J. (1998). Cascades of homoclinic orbits to
a saddle-centre for reversible and perturbed Hamiltonian systems.
Early version, also known as pre-print
Link to publication record in Explore Bristol Research
PDF-document
University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published




































































GX=[ P,[jUYU=SeU=UÖUYPSbf/`FE*D-PRWn[*P,S/W=X=`gSbUet^U p fnM;E6UÈPSeW=UY`mUﬁŁ








UYT¯UﬂXnSeO% Se`gGR_`aG¯i*E*WY`FE*G!X p GRsRSeW-X=`aOZSWnS/ijS/WnUnEwDE*GRsÕEDg`gGRS~E*W^`aG¯i6[6D p X=`m[*GQXYME*X&'$SbU-ME*Dg\+X=MRSPRM'E6U=S




}MR`gUP'E*P,S/W^OÕEwxjSbU-E4\ p WYX=M'S/WNfe[6G!X=WY`# p XY`m[6GX=[X=M'SUYX p sT[*\XYM'SsT!GE*OQ`mfbU	`aGÄEGRSe`m_*M- [6WYM'[$[¯s[6\









KJ¢}M'SQE6U=U p OÄPX=`m[*G M'SeW=SÖ`gU
X=M'E*X	X=MRSS	+ p `gDa`#RWY` p O34
`gX=MR[ p X	Dg[jU=U^[6\+_jS/G'SeWnE*Dg`aXTjt6XYM'S[6WY`m_6`aG5ﬃ`gU^EUnE6ssDmS1feSeG!X=W=S6t!X=MEwX	`mU^E4G'[*GŁ
M!T!P,S/W [6Dg`gfÄS"+ p `gDg`RW=` p O:ME~i!`gGR_dX6
[IWnS~EwD1E*GRs%X6






























































































































































E*G's UYXnE*XnSÄ[ p WOÕE*`aG X=M'Se[6WnS/OZUeJ|CUÈEkPRWnS/PE*WnE*X=`g[6G%\¿[6WKXYM'SÄPRW=[$[*\¿UbtT
SÄsRSbUYfeW=`,SQ`gGy$Sbf/X=`m[*GU0
X=MRSÄsT!GEwOÄ`gfbUK`gG%E|G'S/`m_6MH [ p W=MR[$[¯s [*\X=MRSZS	+ p `aDg`RW=` p O `aG%X=SeW=OÄUK[6\EkG'[6W=OZE*D	\¿[*W=OIJ}ÝEwx¯`aG'_






NSdUﬂX p s$T X6
N[%S)REwOÄPRDgSbUÄE*G's
PSeW=\¿[*W=O UY[6OÄS4G p OZS/W=`mfeUXn[`gDaD p UﬂX=W¥EwXnS([ p WWnSeU p DaXnU[6GkX6
[QS E*OQPRDgSUYT¯UYX=SeOÄUbJ-}M'SXRWnUﬂXUYT¯UYX=SeO
`mU[SX¥E*`aG'Sbs!TdE*s( p UYXY`gG'_ÄEÄfeSeWYX¥E*`aGI\¿[ p W=X=M$Ł[6W=sRSeWS	+ p EwX=`m[*G E*WY`mUﬂ`gG'_QE6UEÄfe[6G!X=`gG p [ p UDa`gOQ`gX[6\E
s`gU=feW=SeX=SDmE*X=XY`mfbSS"+ p E*X=`g[6G|Xn[ÖOÕE*x6SXYM'Sfb[6WYWnSbUﬂP,[*G's`gGR_ÄUﬂT$UﬂXnS/O G'[*GŁﬁE*OÄ`aDgX=[6GR`FEwGJ^}M'SU=Sefb[6G's








































































































































p SXn[WnS/ijSeW=UY`R`gDa`gXTjt$X=M'SKUYPSbf/X=W p O








`aDgD­ S8X=MRSÈUnEwOZS8Se`m_6SeG!i*E*D p Sfb[*GI'_ p WnE*X=`g[6G










































































¬ { ¬ ¬
{ ¬ ¬ ¬
¬ ¬ ¬ {































































[6\!¬tX=MEwX8fe[6G'Uﬂ`mUYXS/G¯XY`gW=SeDgTd[6\-M¯T!PSeW<,[6Da`mfPSeW=`g[$s$`mf¢[6W<R`gX=U4`gG EÕG'Se`g_6MH,[ p W=M'[¯[¯s [*\NXYM'SÖ[6W=`g_6`gGJ
h








































¬`aG!XnSeW=U=SefeXnUÈ É bVﬃÂØÌ É X=WnE*G'UYi6SeW=UnE*DaDgTjJ


































































































































































































`aX=M'[ p X(E*OQ`gDaXn[6G`FE*G UﬂX=W p feX p WnSQ[6G'SQf~E*G%_jSeGRSeW=`gf~E*DaDgTIS ¯PSbfeX8Xn[RG's
`gG'RGR`gX=SeDaTÄOZE*G!T|©Ł#M'[6OÄ[$f/Dg`gG`mf[6W`gXnU1\¿[*WPE*W¥EwOZS/XnSeWi*E*D p SbU1G'SbE*WZ¬J
[ﬁ
NSei6SeW~tE W=Sei6SeWnUﬂ`#RDgS E*OÄ`aDgX=[6GR`FEwGUYT¯UYX=SeO E*UZfb[*G'UY`gsRSeW=Sbs;`aGó cd D 2ﬂf~EwGE SdSeO,SesRsRSbs




































































































































































































































































































































































¢k£-Ł£B§6t S  N	#S¤5






























0 dfeg ý Qß&h il21/ QßLh

X	ME*U,Sefb[6OÄS+ p `gX=S1UYXnE*G's'EwWnsXn[4Uﬂ`gOQPRDg`a\FTE4sT!GE*OQ`mfbE*DUﬂT¯UYXnS/O G'SbE*W-E4UY`aG'_ p DmE*WÝP[6`aG¯Xk¯T p UY`aG'_
G'[6WYOÕEwD	\¿[6W=O E*GE*DaT$Uﬂ`mUetÝUYSbSÖ\¿[6WS E*OQPRDmS ]^DgSeXnE*DÇt








`gW=UYX1[*G'S(fbE*Dmf p DFE*X=SbU-X=M'SG'[6W=OZE*D+\¿[6W=O@G'SbE*WE8UnE6sRs$DmS/Ł fbS/G¯XYWnS4S"+ p `gDa`#RWY` p O





X=MRSÈE*DaWnSbE6sTfe[6OÄP p XnSesIG'[6WYOÕEwD\¿[6W=OIJ-uå`aX=M'[ p XX=M'SKWnS/ijSeW=UY`R`gDa`gXT[6GRSÈE*WYW=`aijSbUE*XX=MRS\¿[6DaDm[ﬁ
`gGR_






















































































































































































































































































































































































































































































































































































































































NSDm[¯[6xQ[6GRDaTZ\¿[6WUﬂT!OÄOÄSeXYW=`mf©Ł M'[*OZ[¯feDa`gGR`gfUY[6D p XY`m[6GRUbJ^}M'SeU=S[$fef p WF
MRSeGÈüË1Ł¬1ﬃN`aG¯X=SeW=U=Sbf/XnU
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬃe3 MJ [RJÜX~Jæ{ Łﬀ/ﬃ
cI[6W=Sb[ijS/W~tY
M'SeGP p XZ`gG!Xn[%GR[6W=OZE*D\¿[6W=O N
M`mfnMOÕE~TG'[ﬁ
ò,S E*fnMR`mS/ijSbså\¿[6WÕE*G!TåE*G'E*DgT!X=`gf~E*D


























































































































































































































µh (ν) µh (ν)





















Ì dÎÍ¶  g.Ïih Ðl"gQj























s`aWnSbf/Xfb[6OQP p XnE*X=`g[6G|[6\PEwX=M'U[6\MR[6OZ[¯feDa`gGR`gf([6W<R`gX=UbtRXYME*XX=M'Sfb[*G'feD p UY`g[6G'U[6\^}MRSb[6W=SeOÄU8{8E*G's
 MR[6DmsJCDgDG p OÄSeW=`gf~E*Dfe[6OÄP p X¥E*XY`m[6GRUZE*W=S'E6U=Seså[6G UY[6Dgi!`gGR_, [ p G'sRE*W=T2Ł i*E*D p SkPRWn[SDmSeOÄUÖ\¿[6W
M'[6OÄ[¯feDg`aGR`mfÄU=[6D p X=`g[6G'Uet-UYSbSkS6J _RJü LNMjzSﬂE*GRsÞW=Se\¿SeW=SeG'feSbUQX=M'S/WnSe`aGJ
:







lS/\¿[6WnS PRW=SbUYSeG!X=`aG'_ÞXYM'S WnSeU p DaXnUbtZ
S G'[6X=S X=MEwX[
S f~E*G p UYS X=M'S \¿[6WYO p DFE #1ﬃÄX=[ÞsSbs p feS XYM'S
W¥EwXnSK[6\ÎPE*W¥EwOZS/XnSeWE*fbf p O p DFEwX=`m[*Gk[6\^Ł P p DgU=SeU[*G|XYM'SPRW=`aOÕEwW=TÕ[*WR`aX1`gOQPRDg`gSbs«!T|}M'Se[6WnS/O {`gG
X=MRSÈf~E*U=S¢[6\	_jSeG'S/W¥E*DÝWnS/ijSeW=UY`RDmS8UYT¯UYX=SeOÄUE*G's }MRSb[6W=SeO:Q\¿[6W((E*OQ`gDaXn[6GR`mE*GWnS/ijS/WnUY`RDmSÈUYT¯UYX=SeOÄUbJ
}M'SeU=SW¥E*X=SbU1OZE~T> S p UYSbs|E6UE6ss`gXY`m[6GEwDG p OÄSeWY`mf~EwD,S/i¯`gsRSeGRfbS\¿[6WXYM'S4PRW=SbU=S/G'fbSK[6W1[6X=M'S/W
`gU=S[6\
























































































































































































































































































































































































































































































































































































































































1 . 0 0 1 . 2 5 1 . 5 0 1 . 7 5 2 . 0 0 2 . 2 5 2 . 5 0
- 1 . 0 0
- 0 . 7 5
- 0 . 5 0
- 0 . 2 5
0 . 0 0
0 . 2 5
0 . 5 0
0 . 7 5


























{jJr1ﬀ {ﬁ0J 01ﬀ {jJr2/ﬀ6S¬ Ł6¬J÷¬${zjjz ¬J 0{ﬁ0j
{jJrj {©$J ¬j {jJr61¬S¬2 Ł6¬J÷¬S¬j{© ¬J 02*j
{jJrj {J÷ﬀj {jJr6j{ Ł6¬J÷¬S¬2S¬2 ¬J 026z{
{jJ÷ﬀS¬ {zJ ! {jJr6!6${ Ł6¬J÷¬S¬/¬j1ﬀ ¬J 0262
PW=`gOZE*WYT {jJr62${z
{jJ÷ﬀ${ {zJ ! {jJr626z6 ¬J ¬/¬/¬j6 ¬J 0/0{ﬁ¬
{jJ÷ﬀ${ {J÷ﬀ* {jJr62z${z ¬J ¬/¬2S¬S¬ ¬J 0/02*
{jJ÷ﬀ${ {©$J ¬/0 {jJr2j6S¬ ¬J ¬/¬j/¬S0 ¬J 0/02*
{jJ÷ﬀj {ﬁ0J 02 {jJrj6{© ¬J ¬{ﬀ66z ¬J 0610/¬
{jJ÷ﬀ6z {j{jJr/¬ {jJrjjzj6 ¬J ¬2j*{ ¬J 02jS¬
J zj $J ¬j/06z2 ¬J¼{~Hﬀ6*
}ÎE(RDmS({/Ú























{©¯J 2 {jJ ¬2S¬j/¬6z Ł6¬J (¬j1ﬀj${
{jJa{~z {ﬁ0$J z/¬ {jJ j6j{~z Ł6¬J÷¬S¬61¬6! ¬J ¬/¬1ﬀ6S0
{jJ ﬀ6 {©¯J j {jJ 6/¬{ﬁ06 Ł6¬J÷¬S¬/¬2jS0 ¬J¼{©6jj





{jJ ﬀ¯{ {$J÷01ﬀ {jJ 6/¬jz6j ¬J ¬/¬/¬{~zj ¬J¼{ﬁ02S¬j
{jJ ﬀ(0 {~J j {jJ 62S¬j* ¬J ¬/¬{~/06 ¬J¼{ﬁ026zj
{jJ ﬀ* {©¯J /0 {jJ /ﬀ${©${~ ¬J ¬{ﬁ¬266 ¬J¼{©*!6
{jJ * {j{6Ja{ﬀ {jJr26zjjz${ ¬J ¬jjz/0j${ ¬J¼{/¬{b
$J j {jJr{j1ﬀ(¬ ¬J 026/0${ﬁ¬
}ÎE(RDmS.Ú





.- Q¸°	·ﬁ«!¬KÏ¯³ﬂÀ·µ~¹!ºI»¼µ~À·´¥¸»¼²!ÁK¹!À³Y¬¥À¾'¬¥´n·ﬁ®ÃÅ©¬¥»ÃÂkµb³ﬂ¬60/21+3ÑN©Òt ç¢é<çí¢íÕµ~¹!º'Ô,­6Âﬁ4ÎÉ6²¯µb·ﬁ®±¸¹ ÑÛç¢çeÒYÔ
¬=Ój¾+ÑP6ÝÑN©Ò"/21+3ÑN©ÒÒz®é çÉ®çpì6Ê
S0
1 . 0 0 1 . 2 5 1 . 5 0 1 . 7 5 2 . 0 0 2 . 2 5 2 . 5 0
- 1 . 0 0
- 0 . 7 5
- 0 . 5 0
- 0 . 2 5
0 . 0 0
0 . 2 5
0 . 5 0
0 . 7 5


















































































<ﬃ-E*WnSfb[6OQPRDgS ÄE*OQPRDg`aX p sSbU-[6\X6










 Se`aG'_%X=MRS PRWn[6P'E6_2E*XY`m[6Gås$`mUYXnE*G'feS E*G'sE%XYW¥E*G'UﬂijS/WnU=S






















































































































































































































































































ß sàß sàß® (s ß
^
W
{$Jr2 ¬Jrz/0j1ﬀ6/ﬀ Ł6¬J ¬262j*z
J ﬀ/ﬀ ${6J 6 ¬Jrzj2${S0 Ł6¬J ¬/¬/0jz/0j ¬$Ja{~j/0
J S¬ j¯J ﬀ6 ¬Jrzj2*R{ Ł6¬J ¬/¬/¬j{0 ¬$Ja{S¬/¬
PRWY`gOZE*W=T ¬Jrzjj/¬26*
J÷0j j¯J z/¬ ¬Jrzjjj/0S0 ¬J ¬/¬/¬6/¬jz ¬J¼{2*/0
J S¬ ${6JrR{ ¬JrzjjjjS¬ ¬J ¬/¬/06j6 ¬J¼{ﬀ6S0{






























































































































































































¯{jJ÷¬j {jJ 061¬62S¬6 Ł6¬J÷¬${~!jjSﬀ
RJr{ 6$J S0 {jJ 02j(¬2jj Ł6¬J÷¬S¬/¬{©S¬6 ¬J ¬/¬jz2










J ¬j *zJ 6 {jJ 02j¯{zjj {/{ 062zªzv{ﬁ¬
^s
¬J ¬{©6z2
$Jrz2 6$J S¬ {jJ 026jjjj ¬J ¬/¬{ﬁ¬*2/0 ¬J ¬2j61ﬀ










































































































































 LNMjz(ﬂCÈJHJLNME*OQPRG'SeT¯UeJÈ[6OZ[¯feDa`gGR`gfK[6WR`aXnU(`aG WnS/ijS/WnUY`RDmSUﬂT¯UYXnS/OZUKEwG's X=M'S/`gWEwPRPRDg`gf~E*XY`m[6GRU























































































































































































































































































B2ﬂG p J D J

[6DgX=U=[i*E E*G'sÄ^Jc JSeWYOÕEwGJG?ÎSeW=`g[$s$`mfÕ[6W<R`gX=UÖE*G'sM'[6OÄ[¯feDg`aGR`mfQ[6W<R`gX=UÈ`gG E
X6



























 BS/W¥{"ﬂ^Jwc JSeWYOÕEwGJ¯L[6OQPRDmS)KsT!GE*OQ`mfeUÝEwG'saR`a\ p WnfbE*X=`g[6G'U`aGÈE(E*OQ`gDaXn[6G`FE*G(UYT¯UYX=SeO3ME~i¯`aG'_
EX=WnE*G'UYi6SeW=UnE*DBM'[6OÄ[¯feDg`aGR`mf[6W<R`gXX=[ÄEU=E6sRsDgSK\¿[¯f
p
UbJ*ø|£'

/t
ú
Ú¼{ﬀ**Łn{z/¬t{j{jJ
 cd
D
2ﬂC8Jck`mSeDaxjS*tk?ÎJÝ[6DgOÄSbUetÎE*G's
D
J
D
q HSe`aDgDaTjJÄL1E6U=fbE6sRSeU¢[6\MR[6OZ[¯feDa`gGR`gfÈ[6W<R`gX=UXn[RtÝE*G's
fnME*[jUGRS~E*WbtEQE*OQ`gDgX=[6GR`mE*GÕU=E6sRsDgS/ŁfeSeG!XnS/W~J y
á
za¤
á
za a
á
Kã
¦'á
t
ô
Úr2
Ñ
{©6t{~j2$J
 HSe_21ﬀﬂ8L(J ÖJÎHE6_2ES¯"¯b[RJ

W=WnSe_
p
DmE*WsT!GE*OQ`mfbUE*GRs M'[6OÄ[¯feDg`aGR`mfÈ[6WR`aXnUXn[I(EwOÄ`aDgXn[*GR`FE*G UnE6sRs$DmS
feSeG!XnS/WnUbJø

©ª©
á
w
¦

@ç1ç

á*~


£
á÷P
Ú¼{ﬁ¬2©Łn{~Hﬀ$t{j1ﬀ¯J
 yE*OZz/0(ﬂ$c¢J¯y+Jy$E*OZ[i6[6D t,]L+
p
`ai*E*DmS/G'fbS[6\,UYT¯UYX=SeOÄU[6\s`#=SeW=SeG!X=`mE*DS	+
p
EwX=`m[*G'U^`gGZEKG'S/`m_6MH [6W=MR[$[¯s
[6\EÖUY`gGR_
p
DFEwW1P,[*`gG!X~J
â
<S¤'
á~G
ﬁ

¢
~


£
á
ù


áôô
Ú ${ﬀ©ŁﬁS01ﬀ$t{jz/0J
 yE*G2ﬂ¢y$E*G'sRUﬂXnSbsS6t	lJZLS/G!XnSeW8OÕEwGR`g\¿[6DgsRU\¿[*WMR[6OZ[¯feDa`gGR`gf8UY[6D
p
X=`m[*G'UbJu Se`mS/WnUﬂX=W¥EŁ

G'UYXY`gX
p
X\

p
W
CG'_jS"
E*G's$XnSCGE*DaT¯UY`mU
p
GRs y¯X=[$fnM'E6UYXY`gx#wt
ç
)¤

:
[RJ{~zjt{61ﬀ$J
 yE6SeXnE*DF6(ﬂl(JyE*G'sRUﬂXnSesRS6t+L(J

JHKJR}4J

[6G'SeUE*G's

J L(JCDmS E*GRsRSeWbJ]k¯`mUﬂXnSeGRfbSKE*G'sZUYX¥ER`gDa`gXTÖ[6\

Ł P
p
DgU=SeU4[6G [6PX=`mfbE*DTIRW=SbU
`aX=M PRM'E6U=S¶ŁU=S/G'UnEwX=`gi6SÖE*OQPRDg`'SeW=UbJw@£- Łz8t
úr

Ú¼{1ﬀ©ŁﬁS¬jt
{61ﬀ$J
 c

2ﬂKCÈJRc-E*G'sRS/WE
p

M'SesRSQE*G's lJ

`gSbsDgSeWbJ[6OÄ[$f/Dg`gG`mf(PSeWY`m[¯sRDg[
1Ł
p
P `aGdWnS/ijS/WnUY`RDmSÈE*G's
fe[6G'U=S/W=i*E*XY`gijSUYT¯UﬂXnSeOÄUbJ 
á
S¤-¨- ¢
á~


£
á
w!£-ﬁ
á
t
ôó
Ú 6j
Ñ
0{z$t,{jj$J
0/¬
